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Abstract: In this paper, we revisit a scale-invariant extension of the standard model
(SM) with a strongly interacting hidden sector within AdS/QCD approach. Using the
AdS/QCD, we reduce the number of input parameters to three, i.e. hidden pion decay con-
stant, hidden pion mass and tan  that is dened as the ratio of the vacuum expectation
values (VEV) of the singlet scalar eld and the SM Higgs boson. As a result, our model
has sharp predictability. We perform the phenomenological analysis of the hidden pions
which is one of the dark matter (DM) candidates in this model. With various theoretical
and experimental constraints we search for the allowed parameter space and nd that both
resonance and non-resonance solutions are possible. Some typical correlations among vari-
ous observables such as thermal relic density of hidden pions, Higgs boson signal strengths
and DM-nucleon cross section are investigated. We provide some benchmark points for
experimental tests.
Keywords: Beyond Standard Model, Chiral Lagrangians, Cosmology of Theories beyond
the SM, Technicolor and Composite Models
ArXiv ePrint: 1606.02969
Open Access, c The Authors.



















2 The model 2
3 AdS/QCD analysis 4
4 Hidden pion phenomenology 8
5 Summary and conclusion 13
A AdS/QCD formulas 15
1 Introduction
Although the SM-like Higgs boson has been discovered at the Large Hadron Collider
(LHC) [1, 2], there are still a number of questions that call for physics beyond the SM
(BSM): (i) the origin of the mass of Higgs particle or the origin of weak scale, (ii) the
nature of non-baryonic dark matter (DM), (iii) the origin of neutrino masses and mixing,
(iv) matter-antimatter asymmetry of the universe, to name a few.
The rst question is often phrased as hierarchy problem, that addresses why the elec-
troweak (EW) scale vH = 246 GeV is much smaller than the Planck scale. One of the nice
ways to understand this is through quantum dimensional transmutation, which explains
why the proton mass is much suppressed compared with the Planck mass in Quantum
Chromodynamics (QCD) [3, 4]. Technicolor (TC) provides an answer in this way, but the
naive version of it is strongly disfavored by the electroweak precision test (EWPT) [5].
Since the observation of W. Bardeen [6], softly broken scale invariance has been con-
sidered as a possible solution for the hierarchy problem. If the model is scale invariant
at classical level, no dimensionful parameters are allowed and the scale symmetry is bro-
ken only logarithmically through scale-anomaly. Many authors have studies this type of
models where the EW symmetry is dynamically broken via dimensional transmutation
in the hidden sector with new conning strong interactions [7{22], or Coleman-Weinberg
mechanism [23{69].
Some of the present authors have proposed a scale-invariant extensions of the SM
with a strongly interacting hidden sector, namely hidden QCD models [7{11]. At the
classical level, the scale invariance is imposed so that all dimensionful parameters are
forbidden in the classical Lagrangian. The Higgs mass term arises at quantum level through
the dimensional transmutation driven by asymptotically free gauge theories in the hidden

















are stable or long-lived particles (lightest hidden mesons and hidden baryons) that can
make good DM candidates. In those works, hidden QCD sector was studied in the chiral
eective Lagrangian approach and non-perturbative parameters were estimated by naive
dimensional analysis. Then the same model was analyzed in the Nambu-Jona-Lasinio
(NJL) approach in ref. [14, 18].
In this paper, we consider the same model using another approximation method, the
AdS/QCD [70, 71], in order to analyze non-perturbative strong dynamics in the hidden
QCD models. First we reformulate the hidden QCD sector in terms of the linear sigma
model, in which the sigma and pi mesons are eective degrees of freedom. We consider
a linear sigma model coupled with a scale-invariant Higgs-singlet sector and analyzed the
masses and mixing between the SM Higgs boson, a singlet scalar messenger and the sigma
meson. In the AdS/QCD we successfully reduce the number of free parameters by matching
the mass spectra of the lightest scalar, vector and axial vector mesons.
Next, we apply this model to dark matter phenomenology. In our model, since the
hidden quarks do not couple to any U(1) gauge elds, the hidden pions cannot decay
through the U(1) anomaly and are found to be stable lightest particles coupling weakly
with the SM elds. Hence the hidden pions become candidates of the weakly interacting
massive particle (WIMP) DM. With the free parameters reduced by the AdS/QCD, we
identify the parameter space that satises the recent observations. Then we study the
distinctive features of the allowed parameter region and also some typical correlations
among various observables. We address on the possible signatures of the model that can
be further scrutinized in the future experiments such as LHC Run-II, ILC and so forth.
This paper is organized as follows. In section 2, we revisit the original hidden QCD
models [7, 11] by reformulating the hidden QCD sector with the linear sigma model. Then
in section 3, we apply the idea of the AdS/QCD to the linear sigma model described in
section 2. In section 4, numerical results on the Higgs and the dark matter phenomenologies
are presented. Then section 5 is devoted to summary and discussions.
2 The model
Scale-invariant extension of the SM with a strongly interacting hidden sector contains the
SM elds plus a singlet scalar S and a scale-invariant hidden QCD sector [8{11]. The
corresponding Lagrangian is given by
























D   Q;kS)Qk; (2.1)
where H is the mass parameter of the SM Higgs boson. We have replaced all the mass
parameters (the Higgs boson mass, the RH neutrino masses and the current quark masses
of hidden-sector quarks) by real singlet scalar operators S or S2 following the idea of
classical scale invariance. G is the eld strength of the hidden QCD with SU(Nh;c)

















the Yukawa interaction. Since there are no dimensionful parameters in the Lagrangian,
this system is scale-invariant at the classical level. At quantum level and low-energy scale,
the hidden-QCD quarks can condensate. Such condensates h QQi induce a linear term in
S. Then the potential of S can be tilted and S can develop a VEV. The VEV of the singlet
scalar generates a Higgs boson mass term  HS2 hSi2HyH, as well as the RH neutrino
masses and the current quark masses of the hidden-sector quarks. Thus all the mass scales
in this model are generated by hSi, which is a result of non-perturbative dynamics in the
strongly interacting hidden sector. For this to happen, we assume that HS > 0 so that
non-zero hSi triggers the electroweak symmetry breaking.
Hereafter we consider the case in which Nh;c = 3 and Nh;f = 2, for which we can use the
known results from the hadronic system with ;  and  mesons. Then Q = diag(Qu; Qd)
and for simplicity we assume the hidden quarks have isospin symmetry Qu  Qd. In
such a case the low-energy eective theory of the hidden QCD is described by the pi-meson















(2 + 2) m2SS; (2.2)
where  and  represents sigma and pi meson elds.








; S = vS + s;  = v + : (2.3)
To minimize the potential energy


















three minimization conditions @V=@v = 0 ( = H;S; ) should be satised. These con-
ditions reduce the number of free parameters. Furthermore, two parameters ,  are
traded with the pion mass M and a sigma meson mass parameter M. Hence the scalar
mass matrix L   12(h; s; )M(h; s; )T takes the form of
M =










































where tan   vS=vH and F  v. Since a o-diagonal part M2hs satises M2hs =
 M2hh= tan, the Higgs-singlet mixing can be large when tan  is small.  and  are








The couplings H , S are given by
H = HS tan










where vH = 246 GeV. Since one of the physical scalar should be the Higgs boson with mass
MH = 125 GeV, M
2
H is one of the eigenvalues ofM. Thus a condition det(M M2HI3) = 0








   F 2M2H [3M2HM2 +M4 +M2H2v2H tan2 ]+M6Hv2H tan2 
32F
4
   F 2 [3M2M2H +M4 +M2Hv2H(1+tan2 )2]+M4Hv2H(1+tan2 )
; (2.12)
where we have parameterized M = F.
The mixing matrix is dened as0B@ hs
~
1CA =






where H is the SM-like Higgs boson with MH = 125 GeV and H1; H2 are extra scalar
particles with MH1 < MH2.
At this stage we have four free parameters: vS , v  F, M and M (or ). To
reduce the number of free parameters, in particular, to relate the M with F, we use a
holographic treatment of the hidden QCD.
3 AdS/QCD analysis
In the AdS/QCD [70, 71], the hidden QCD sector is described by SU(2)L 
 SU(2)R gauge
theory on AdS5 space with metric
ds2 = a2(z)(dx
dx   dz2); a(z) = L
z
; (3.1)
where L0  z  L1 and L is the curvature radius of AdS5. L1 breaks the conformal
symmetry in the infrared (IR) regime, while one can take L0 to be arbitrary small, L0 ! 0.
The non-perturbative breaking of chiral symmetry is regarded as the spontaneous breaking
of SU(2)L 
 SU(2)R symmetry by the VEV of the bulk scalar  which is a bi-doublet
(2L;2R). The parity transformation corresponds to the exchange SU(2)L $ SU(2)R.








































where DM = @M + iLM   iRM , M = (; 5), and the bulk mass parameter M2 =
 3=L2 is chosen so as to relate the bulk scalar eld  with the dimension-three operator qq.
The prole of the VEV is obtained by solving the zero-mode equation of motion. We have
hi  v(z) = c1z + c2z3; v / 122; (3.3)














vjL0 ;  = LvjL1 : (3.5)
Here nonzero c2 corresponds to the spontaneous breaking of the chiral symmetry in the
IR, while the boundary condition at z = L0 corresponds to the explicit breaking of chiral
symmetry. The boundary condition at z = L1 is induced by the scalar potential localized
on z = L1 boundary. The boundary interaction is
LIR =  a4V ()jL1 ; V () =  
1
2
m2bTrjj2 + bTrjj4: (3.6)
After the symmetry breaking SU(2)L  SU(2)R ! SU(2)V , vector- and axial-vector gauge
bosons V = (L + R)=
p
2, A = (L   R)=
p















where V (n), A(n) correspond to hadronic vector and axial-vector currents, respectively.
The bulk scalar  is decomposed into  = (v + S)e
iP =v and gauge xing condi-
tions are
@5(aV5) = 0; P =   1p
2a3v
@5(aA5); (3.8)














where S(n) and P (n) are scalar and pseudo-scalar hadronic states, respectively. In particular
P (0) corresponds to the pion.





























where s^ and p^s are the scalar and pseudoscalar external sources coupled to QCD:
L   Tr[qLqR] + h:c:;  = Mq + s^+ ip^s: (3.12)
According to the AdS/CFT correspondence, the generating function S is obtained by
integrating bulk elds restricted to a given Ultraviolet(UV)-boundary value which play the





( is a constant which will be determined in the matching of correlation in UV as  =p
3 [71]) or explicitly,
S jL0 = 
L0
L




Since the quark masses are given by Mq = QvS , the singlet scalar uctuation s can be
related to the scalar source term as
s^$ Qs: (3.15)
This correspondence can be used to obtain the couplings of s to the meson states.
This AdS/QCD model has ve relevant free parameters: Mq, L1, M5,  and . Mq is
traded with the pion mass M by the Gell-Mann-Oaks-Renner relation
F 2M
2
 =  Tr[Mq]h QQi; (3.16)
or M2 =  Tr[Mq]B0 where B0   h QQi=F 2 . M5 is related with the beta-function of the





where we consider the case Nc;h = 3. L1 is related with the mass of the rst KK state of
V which corresponds to the rho meson mass by MV (1)= ' 2:4=L1. The value of  can be







with ma1(1260) = 1230 40 MeV and m(770) = 770 MeV, which yields [70]
 ' 4: (3.19)
























when   1. Here  (x) is the gamma function. With L1 = 320 MeV and Nh;c = 3 one has
F = 87(=4)
1=3 MeV; (3.21)
which well agree with the experimental value [72] F  = 130:4  0:2 MeV when  ' 4.
Hence for Nh;c = 3 and  = 4 we have F = 0:27L
 1
1 . The hidden rho meson mass
Mh = MV1 and hidden axial vector meson mass Ma1;h = MA1 is estimated as
Mh = 2:4L
 1
1 = 8:9F; Ma1;h '
1230
770
Mh ' 14:1F: (3.22)
Now we x the value of b. In the original paper the author estimated b = 10
 2 10 3
and identied the lightest scalar meson as a0(980). In the present study, we regard sigma
meson as lightest scalar resonance state, S(1) = . In the AdS/QCD, since the wave
functions of S(n), P (n) vanish at z = L0
fS;Pn jz=L0 = 0; (3.23)
there are no direct interactions between meson states with source term. In the AdS/QCD,
source-pion-pion interactions are given by








   h QQi) where MSn , FSn and Gn is the mass, decay constant and the Sn(@)2
coupling. These terms arise due to the Sn  s^ mixing. In particular, the rst term of r.h.s.
of eq. (3.24) is induced by -- coupling through the -source mixing. We assume that




Together with the Gell-Mann-Oaks-Renner relation eq. (3.16) we obtain
FM = B0F: (3.26)
In the AdS/QCD,






and h QQi '  18F 3 is obtained for Nh;c = 3,  = 4. MSn and FSn is obtained by formulas
summarized in the appendix. We nd numerically that eq. (3.26) is satised when
b ' 1:0 10 4; (3.28)
(see gure 1), and hence we obtain a relation (see gure 2)
M ' 5:0F ( ' 5); F ' 3:5F: (3.29)
When we take a scale normalized by L 11 = 320 MeV so that we have MV1 = 2:4=L1 =
m(770) = 770 MeV, we obtain F = 87 MeV, M  450 MeV (gure 2). This result well
agree with the experimental bound 400 MeV  mf0(500)  550 MeV [72], if we identify



























































Figure 1. FM in the unit of F
2
 for  = 1; 2; 4; 8, Nh;c = 3. B0=F is indicated as black dashed
line. (a) 0  b  5 10 3 (b) 0  b  5 10 4.






































Figure 2. The lightest scalar mass as the sigma meson mass M v.s. scalar boundary coupling
b with  = 1; 2; 4; 8, Nh;c = 3, L
 1
1 = 320 MeV. The shaded band indicates the mass range of
f0(500) [72]. (a) 0  b  5 10 3 (b) 0  b  5 10 4.
4 Hidden pion phenomenology
As a result of the previous sections, we now have three free parameters in this model:
M; F and vS = vH tan. For numerical analysis, we scan the three-dimensional parame-
ter space (M; F; tan). Note that the SM-like Higgs boson with mass 125 GeV is termed
as H, and extra scalar particles as H1 and H2 with MH1 < MH2. We have considered
several theoretical and experimental constraints.
Let us rst consider the theoretical constraints. From the stability of the potential,
the dimensionless couplings should satisfy the relation,
HS  H  S with H ; S > 0; (4.1)







Since the strongly interacting hidden sector are now treated as linear sigma model, the

























Experimental constraints considered in the analysis are listed in the following:
 Signal strength for the SM Higgs boson [73, 74],
^ = 1:00 0:13 [73]: (4.5)
 Bounds for extra scalar particles from the LEP [75] and the LHC [76{78].
 Relic density from Planck satellite [79].

DMh
2 = 0:1198 0:0015: (4.6)
 Neutrino signals through the DM capture by the Sun, mostly from Super-Kamiokande
for upward muon ux [80].
 Fermi-LAT 6-year results for DM annihilation [81].
 Higgs invisible width from the LHC [82, 83],
Brinv . 0:51; with 95% C:L: (4.7)
 Direct detection bound, mostly from LUX [84], SuperCDMS [85], and CRESST-
II [86].
We apply 2 bounds with these experimental constraints except for the relic density,
for which we use the measured value as an upper bound. This is because there could be
additional contributions from hidden baryons to DM thermal relic density, which we do
not include in this paper. We vary the F up to 2 TeV and the ranges for M and tan
are xed with eq. (4.2) and eq. (4.3). We use micrOMEGAs [87] for evaluating DM-related
observables.
The result of scanning is depicted in gure 3. Here we see that there is denite lower
bound for F, around 100 GeV. Also tan  is bounded from below, tan  & 0:7, mainly











So if tan  is too small, S will have very large value, above the perturbativity bound. The

















Figure 3. Solution points are shown in (M; F) plane with color contours for tan .
resonances. Other points include light scalar resonanaces with 2M  MH1, heavy scalar
resonances with 2M MH2 and non-resonance solutions with MH1  2M MH2. The
non-resonance solutions favor relatively small tan . For example, if the hidden pion mass
is away from both resonance regions more than 30%, i.e. 1:3 MH1  2M  0:7 MH2, then
tan is constrained to be smaller than about 3. No points survive if the hidden pion mass
is far away from the resonance regions, more than about 50%. This is because when tan  is
small, the o-diagonal term of the mass matrix presented in eq. (2.5), M2hs =  M2hh= tan,
is enhanced compared with large tan  case so that the mixing between the SM-like Higgs
boson and singlet scalar elds are enhanced.
These features for the solution points can be more easily checked with another forms
of plots. In gure 4, the solution points are shown in (M;MH1;H2) plane. The thin
branch in the left plot is the collection of solution points where M MH1=2, light scalar
resonances. Note that there is no solution points when MH1 < MH , i.e. all extra scalar
particles are heavier than the SM-like Higgs boson. The right plot, where the points are
shown in (M;MH2) plane, also includes the thin branch that is corresponding to the
solution points with heavy scalar resonances. The shape of the plot is almost same as
gure 3, since a relation MH2  F  5F generally holds in this model. As a result,
MH2 has a denite lower bound MH2 & 590 GeV as F & 115 GeV does. Both plots also
include the non-resonance cases, of which DM mass are far from both resonances and other
parameters are tuned to satisfy the all constraints.
As a distinctive observable, we show the deviation of the triple Higgs coupling from
the SM prediction in gure 5. The triple Higgs coupling in the model can reach  85%
of the SM prediction for relatively small M. If we take larger values for M and F, it
approaches to the SM one and cannot be a distinctive observable. Especially when M
is larger than 1 TeV, the triple Higgs coupling is very close to the SM prediction and the
deviation cannot be detected.
Let us consider another observables. To be more specic, we separate the cases as the
SM-like Higgs resonance and the other cases. Figure 6 shows the correlations between the

















Figure 4. Solution points are shown in (M;MH1) plane (left) and (M;MH2) plane (right), with
color contours for the hidden pion decay constant F.
Figure 5. Triple Higgs couplings normalized with the SM values versus the hidden pion masses.
Color contours represent the hidden pion decay constant Fpi.
^ from 1 is generated by the mixing angle jVh0j2 in eq. (2.13). In this case, the SM-like Higgs
boson can decay to a pair of DM's and these decay modes contribute to the Higgs invisible
decay width. As one can see in the left plot, the invisible decay width of the SM-like Higgs
boson increases when the signal strength decreases and vice versa, just like DM-nucleon
cross section. We can understand this by the fact that the deviation of the signal strength
is determined entirely by non-zero mixing angles among the SM-like Higgs and other extra
scalar particles. The more they are mixed, the more wide the channel between the visible
and hidden sector is open. We show in the right plot the same correlation with relic density
contours. The variation of the relic density is caused by the small variation of M and F
as long as M is close to MH=2. In both plots we apply 2 bound for the signal strength
^ such as ^  0:74.
The same correlation is shown in gure 7 for the other cases than the SM-like Higgs
resonance. As mentioned before, the cases include light and heavy scalar resonances and
non-resonance solutions. In this plot, the color contour represents the mass of the DM.

















Figure 6. Correlation between the DM-nucleon cross sections and the Higgs signal strengths in the
SM-like Higgs resonance cases. Color contours represent the SM-like Higgs invisible decay withs
(left) and thermal relic density of the DM (right).
Figure 7. Correlation between the DM-nucleon cross sections and the Higgs signal strengths in
resonance and non-resonance cases ,except the SM-like Higgs resonances. Color contours represent
the hidden pion masses.
with generically larger values of DM-nucleon cross section. Note that there is an upper
limit for ^. This bound is originated from the h   mixing, that should be dierent from
zero for avoiding the overclosure of the universe by the DM.
Figure 8 is showing the correlation between the signal strength and triple Higgs cou-
pling normalized with the SM prediction. The left plot is for the SM-like Higgs resonance
solutions and the right one for other cases. Both cases are predicting sharp linear cor-
relations, but with dierent slopes. Two solution points are disjoint with each other, so
the measurements of them can be used for the identication of the scenarios, though their
values are small.
Finally, some benchmark points are collected in table 1. We classify the points as (A)
SM Higgs resonance solutions, (B) light scalar resonances, (C) heavy scalar resonances,
and (D) non-resonance solutions. The solution points with large relic densities (close to
upper bound, 
expDMh
2  0:1198) are labelled as (I) and (II,III) correspond to the cases of
small relic densities. Note that the closer we take the DM mass to the exact resonance,

















Figure 8. Correlations between the Higgs signal strength and triple Higgs couplings normalized
with the SM values for the SM-like Higgs resonance (left) and the other cases (right). Color contours
represent thermal relic densities.
type F=GeV M=GeV tan MH1=GeV MH2=GeV 
h
2 p=cm
2 ^ BRInv HHH=
SM
HHH
A-I 692.19 55.27 0.7881 346.281 3460.96 0.1220 9:8610 46 0.754 0.206 0.932
A-II 1524.33 62.49 1.648 415.13 7621.67 0.0027 3:2910 47 0.981 3:810 4 0.994
B-I 1244.17 1000.08 4.288 2033.54 6224.10 0.1088 2:8810 49 0.986 0 1.000
B-II 1607.03 999.63 5.638 2000.65 8036.53 0.0101 1:0510 49 0.986 0 1.000
B-III 775.72 199.22 2.761 396.81 3878.60 0.0061 4:9210 47 0.984 0 0.998
C-I 227.49 549.85 1.479 570.38 1153.54 0.1193 6:0810 46 0.985 0 0.988
C-II 387.01 999.03 6.867 378.17 1938.82 0.0681 2:0710 47 0.985 0 1.000
D-I 185.66 319.49 1.337 323.97 930.67 0.1192 4:9410 45 0.964 0 0.965
D-II 208.73 231.86 0.906 405.30 1044.98 0.0101 6:5010 45 0.967 0 0.966
Table 1. Benchmark points for (A) SM-like Higgs resonance, (B) light scalar resonance, (C) heavy
scalar resonance and (D) non-resonance cases.
5 Summary and conclusion
In this paper, we have analyzed the scale-invariant extension of the SM with vector-like con-
ning gauge theory in the hidden sector by using the AdS/QCD proposed in refs. [70, 71].
The model contains the singlet scalar eld that connects the conning hidden sector and
the scale-invariant SM sector. Hidden sector fermions develop nonzero chiral condensates
and generate the linear term in the potential of the singlet scalar eld S. As a result, the
singlet scalar eld S develops a nonzero VEV and it provides the tachyonic mass term for
the SM Higgs eld. Therefore the origin of the EWSB in the SM sector lies in the new
strong dynamics in the hidden sector.
We have used the AdS/QCD approach to describe non-perturbative dynamics of the
hidden QCD sector. By the AdS/QCD, strongly interacting SU(3) gauge theory in the
hidden sector with two-avors can be described by SU(2)LSU(2)R gauge theory on AdS5.
The spectrum of the mesonic states then can be calculated up to overall scale by considering

















reproduce the known spectra of the mesons by identifying rst KK mode of the vector state
as rho meson. We applied the results to the hidden QCD. In this case, hidden rho meson
mass is be treated as overall scale of the hidden QCD. By this, we successfully found out the
relation between hidden sigma meson mass and hidden pion decay constant etc. As a result,
we reduced the number of free parameters of the model to three, i.e. F;M and tan .
The hidden pions can be the DM candidates since the hidden sector avor symmetry
becomes an accidental symmetry of hidden sector strong interaction. We have analyzed
these \hidden pion" properties as the DM. Many results of the DM search experiments
were considered. In addition to the SM-like Higgs boson, we have two extra neutral scalar
elds in the model. Those extended scalar sectors are constrained by the LHC data,
for example Higgs signal strengths and non-observation of another scalar particles, etc.
By scanning the three-dimensional parameter space (M; F; tan), we found that the
non-resonance solutions are also possible in addition to the resonance solutions. We also
considered various correlations among the experimental observables. For example, there
is the correlation between the Higgs signal strength ^ and DM-nucleon cross section, and
also between ^ and the triple SM-like Higgs coupling. Especially for the latter, we found
that their values and correlations behave dierently depending on whether hidden pions
have the SM-like Higgs resonance or not. Though the Higgs signal strength ^ has been
measured quite precisely and seems to be consistent with the SM prediction, there is still
room for the physics beyond the SM as discussed in this paper. If the Higgs signal strength
^ is measured more precisely, according to the sharp correlations we found, we can give
peculiar predictions on the DM properties and others such as triple Higgs coupling etc.
This could be seen in the benchmark points we presented at the end of the analysis.
Let us comment on the future prospects. Our model contains two extra neutral scalar
bosons that mix with the SM-like Higgs boson. Mass spectra of those two scalar bosons are
constrained by the up-to-date experimental results on the Higgs signal strengths in such
a way that both of them are heavier than the 125 GeV SM-like Higgs boson. Besides the
resonance solutions by the SM-like Higgs, extra light and heavy scalar particles, the non-
resonance solutions are also possible for moderate values of hidden pion mass and decay
constant. In that case, the mass of the light extra scalar particle will be around a few
hundred GeV, which can be accessible at the LHC Run-II. The model also predicts the
values of other observables such as relic density, DM-nucleon cross section and triple Higgs
coupling and so forth. Especially, the Higgs signal strength ^ will be sharply determined.
The more detailed study on the collider phenomenologies, for example, the pair production
of the SM-like Higgs boson, could be possible. In addition, more complete studies with the
hidden baryons, another DM candidates, can be pursued with the AdS/QCD.
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